New methods based on capillary electrophoresis for in vitro evaluation of protein tau phosphorylation by glycogen synthase kinase 3-β.
The hyperphosphorylation of tau protein is associated with the development of the neuronal pathology of Alzheimer's disease. As most conventional methods study only particular phosphorylation sites of tau, it is necessary to develop a simple and reliable assay to determine the phosphorylation of tau at multiple sites. Capillary electrophoresis (CE)-based enzymatic assays are not yet used to monitor tau phosphorylation. The present work aims to develop CE-based assays to evaluate tau phosphorylation by the glycogen synthase kinase 3-β (GSK3β). A novel pre-capillary CE assay was first developed. An in-capillary CE-based enzymatic assay was also used since this approach is known to be time- and cost- effective. The enzymatic reaction was monitored by quantifying the product adenosine 5'- diphosphate (ADP). The influence of two classes of glycosaminoglycan (GAG), namely heparin and heparan sulfate, on the phosphorylation reaction was also assessed. Results obtained by both CE approaches were comparable and in excellent agreement with those reported in the literature using conventional radiometric and immunoblotting methods. In fact, CE results confirmed the inductory effect of the sulfated sugars heparin and heparan sulfate on tau hyperphosphorylation, probably because of the exposition of new sites phosphorylatable by GSK3β. This study shows that simple (no-labeling), rapid (less than 30 min per assay), and eco-friendly (no-radioactivity) CE-based kinase assays can give insight into the abnormal phosphorylation of tau. They can be extended to screen different modulators of tau phosphorylation to highlight their function and to develop effective drugs for neurodegenerative disease treatments.